ABSTRACT. Immunohistochemical localization of bovine decorin was examined with its biological analysis in the fetal bovine rumen. By immunohistochemical staining, monoclonal antibody (mAb) 2B6, which recognizes chondroitin 4-sulfate and/or dermatan sulfate (DS), reacted specifically to the lower mesenchymal region in the developing ruminal wall. Biochemical analysis of the extract from the developing rumen revealed that the molecule detected immunohistochemically by mAb 2B6 was small DS proteoglycan, bovine decorin. These results support the view that bovine decorin is involved in organization of the fetal bovine ruminal mesenchyme as a collagenous tissue. -KEY WORDS: decorin, extracellular matrix, proteoglycan.
A).
Monoclonal antibody (mAb) 2B6 was raised against the bovine articular cartilage PG digested with chondroitinase ABC, and therefore, mAb 2B6 recognizes the epitope as the unsaturated uronic acid-N-acetylegalactosamine 4-sulfate disaccharide unit from chondroitin 4-sulfates remaining on the core proteins [5] . MAb 2B6 reacts to C4S and DS after chondroitinase ABC treatment, and to C4S alone after chondroitinase AC treatment [4, 5] . After chondroitinase ABC treatment, immunoreaction by mAb 2B6 was detected in the lower region of the mesenchyme, but never in the superficial region of ruminal wall in the developing rumen (Figs. 1a, b) . After chondroitinase AC treatment, no immunoreaction was detected in the serial sections (Fig.  1c) . Therefore, the immunoreaction of mAb 2B6 was attributed to DS-PG. Immunoreaction of mAb 2B6 was first detected in a 9 cm CRL fetus, and also in the lower mesenchymal region in longer fetuses at later developmental stages (data not shown).
DEAE-chromatography of the urea-extract of the fetal bovine rumen gave a single peak of uronate (Fig. 2) . Cellulose-acetate membrane electrophoresis of GAG chains in this fraction obtained by treatment with 0.1 N NaOH showed the same mobility with standard DS (Fig. 3) , suggesting that the uronate containing molecules obtained from DEAE-column corresponded to DS chains. DEAEpreparation gave a major band at 45 kD on SDS-PAGE after digestion with chondroitinase ABC (Fig. 4, lane 3) , and this band immunoreacted against mAb 2B6 on western blotting (Fig. 4, lane 4) . The intact sample gave a diffuse band at 80-120 kD (Fig. 4, lane 5) . Therefore, DEAEpreparation may correspond to DS-PG detected by mAb 2B6 in the tissue section. Gel-chromatography of DEAEpreparation gave a major peak corresponding to the molecular weight on SDS-PAGE and a minor peak at higher molecular weight (Fig. 5) . The component in the major peak was analyzed for amino acid sequence by Edman degradation. Amino acid sequence was identical with that of bovine bone decorin deduced from cDNA [9] , indicating that the molecule detected by mAb 2B6 in the fetal bovine ruminal extract corresponded to bovine decorin ( A group of proteoglycans (PGs) is a member of extracellular matrix (ECM), containing various types of glycosaminoglycans (GAGs) [15] . PGs have been suggested to play some important roles in morphogenesis of many organs in terms of their various properties [7, 14] . We have detected GAG chains of PGs in the fetal bovine rumen (data not shown) and palatine ridge [19] immunohistochemically, suggesting that PG carrying chondroitin 4-sulfate (C4S) and / or dermatan sulfate (DS) chains is involved in organization of the mesenchyme in these developing organs. However, the property of this PG has not yet been clarified. In the present study, therefore, we examined the biochemical property of this molecule.
Since our previous data showed that 45 kD PG was detected in the lower mesenchymal region of fetuses with more than 24 cm crown-rump length (CRL) (data not shown) and since large amounts of PG molecules were expected to be extractable, we used a bovine fetus with 90 cm CRL for extraction of PGs in the present study. The extraction procedure was essentially the same as in the method of Hassel et al. [10] . In brief, the rumen was immersed in 6 M urea solution containing protease inhibitors and the extract solution was applied directly to DEAE-TOYOPEARL 650 S column (TOSOH, Co., Ltd., Japan). The adsorbed components were eluted with stepwise concentrations of NaCl (0.2, 0.5, and 1.0 M), and then 0.5 M fraction was eluted with linear gradient of NaCl (0.2-0.6 M). Fractions containing uronate were examined by cellulose-acetate membrane electrophoresis of GAG chains SDSpolyacrylamide gel electrophoresis (SDS-PAGE), and western blotting of the core protein. Amino acid at the position 4 could not be detected in this study, which might be due to the glycosylation of the serine residue at this position [9] . Decorin has one DS chain and three N-linked oligosaccharide chains [16] . Since decorin has leucine-rich domains on its core protein, it can interact with various ECM proteins [6] . Decorin can bind to type I collagen which is one of main structural proteins [17] , and also to transforming growth factor-β [11] . It has been suggested that the interaction between decorin and type I collagen inhibits the lateral assembly of collagen molecules and regulates formation of collagen network [18] . In the present study, DS-PG detected by mAb 2B6 was distributed densely in the lower region of subepithelial mesenchyme, but never in the superficial region. The lower region of subepithelial mesenchyme might be matured and stabilized in the histological structure in view of the distribution of type I collagen and general histological findings [1] . It has been shown that decorin was distributed in the collagen rich region in the skin and skeletal muscles in human and bovine fetuses [2, 13] . This was also the case in the present results as to the fetal bovine rumen. Additionally, the present biochemical analysis showed that the amino acid sequence of DS-PG detected by mAb 2B6 in the bovine ruminal extract was identical with bovine decorin. Therefore, DS-PG detected immunohistochemically by mAb 2B6 may be bovine decorin.
In conclusion, the present results supported the view that bovine decorin carrying DS chain was mainly involved in organization of subepithelial connective tissue during morphogenesis of the fetal bovine rumen. The molecular weight of the second peak (arrow) corresponds to that on SDS-PAGE. The component in the second peak was used to amino acid sequencing. Table 1 . Comparison of N-terminal amino acid sequences of core proteins between bovine ruminal DS-PG and bovine bone decorin. The amino acid residue at the position 4 is not detected. Amino acid sequence of bovine bone decorin is deduced from cDNA sequence [6] . The sequences are the same between two molecules except the amino acid at position 4.
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